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Abstract: Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous 

system and mainly affects young adults. Its natural history has changed in recent years with 

the advent of disease-modifying drugs, which have been available since the early 1990s. The 

increasing number of first-line and second-line treatment options, together with the variable 

course of the disease and patient lifestyles and expectations, makes the therapeutic decision a 

real challenge. The aim of this review is to give a comprehensive overview of the main present 

and some future drugs for relapsing-remitting MS, including risk-benefit considerations, to 

enable readers to draw their own conclusions regarding the risk-benefit assessment of personal-

ized treatment strategies, taking into account not only treatment-related but also disease-related 

risks. We performed a Medline literature search to identify studies on the treatment of MS 

with risk stratification and risk-benefit considerations. We focused our attention on studies of 

disease-modifying, immunomodulating, and immunosuppressive drugs, including monoclo-

nal antibodies. Here we offer personal considerations, stemming from long-term experience 

in the treatment of MS and thorough discussions with other neurologists closely involved in 

the care of patients with the disease. MS specialists need to know not only the specific risks 

and benefits of single drugs, but also about drug interactions, either in simultaneous or serial 

combination therapy, and patient comorbidities, preferences, and fears. This has to be put into 

perspective, considering also the risks of untreated disease in patients with different clinical 

and radiological characteristics. There is no single best treatment strategy, but therapy has to 

be tailored to the patient. This is a time-consuming task, rich in complexity, and influenced by 

the attitude towards risk on the parts of both the patient and the clinical team. The broader the 

MS drug market becomes, the harder it will be for the clinician to help the patient decide which 

therapeutic strategy to opt for.

Keywords: safety, efficacy, effectiveness, doctor-patient relationship, shared decision-

making

Introduction
Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system 

and is characterized by inflammation and axonal degeneration. It is the most common 

cause of neurologic disability in young adults in the Western world, affecting mostly 

people aged 20–40 years of age, with a female to male ratio which has increased in 

recent decades from 2:1 to 3:1.1

In most cases, MS has a relapsing-remitting course.2 After about 10 years, 

approximately 50% of patients with relapsing-remitting MS gradually develop per-

manent disability, entering the phase known as secondary progressive MS.3 After a 

median of 15–28 years from disease onset, an assistive walking device is needed.3,4 
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Benign MS, defined as no or minimal disability at 10 or 

20 years, is a  controversial definition because, 10 years on, 

only 25% of those initially classified as benign still have 

mild disability and as many as 50% have significant neu-

ropsychologic deficits.5,6 Cognitive impairment, ignored in 

the past, contributes to disability in MS and has prevalence 

rates between 43% and 70%.7 MS often has a very negative 

impact on quality of life.8 Quality of life has also recently 

become an endpoint in clinical trials.

Although the progressive phase appears to be indepen-

dent of previous relapses but age-dependent, meaning that a 

younger age at disease onset correlates with a younger age 

in reaching milestones of disability, relapses also represent 

meaningful outcomes.9 In relapsing-remitting MS, progres-

sion of disability occurs in the context of relapses.10 Even 

when complete remission occurs, relapses may cause a level 

of temporary disability that disrupts family, social, and work-

ing life, undermining patients’ confidence, and restricting 

their ability to participate in society.

Treatment for relapsing-remitting 
MS: overview
In the 1990s, the first disease-modifying drugs, in particular 

interferon beta (IFNβ) and glatiramer acetate, were approved 

for treatment of MS.11 In recent years, both IFNβ and glati-

ramer acetate have been found to be effective in patients with 

clinically isolated syndrome in terms of prolonged time to 

conversion to clinically definite MS, rendering early diag-

nosis meaningful.12 The advent of disease-modifying drugs 

has shifted the focus of management of relapsing-remitting 

MS from treatment of acute exacerbations to prevention of 

new disease activity possibly affecting future disability. In 

recent years and months, the scenario of therapies for MS has 

widened with the advent of new drugs. Approved drugs for 

relapsing-remitting MS, that in spring 2013 include subcutane-

ous and intramuscular IFNβ formulations, glatiramer acetate, 

natalizumab, mitoxantrone, fingolimod and, in some coun-

tries, new oral drugs (teriflunomide and dimethylfumarate), 

are reviewed here. We appraise nonselective immunosuppres-

sive agents (cyclophosphamide, methotrexate, azathioprine) 

which, although not approved for treatment of MS in most 

countries, are frequently used in clinical practice.

We also anticipate the benefits and risks of drugs that are 

reaching the end of the experimental phase and are going to 

be commercially available in the future. Overall, although 

disease-modifying drugs are efficacious in decreasing disease 

activity and progression in the short term and medium term, 

data on long-term effectiveness are still scarce.

Presently, reduction of relapse rate and radiologi-

cal  activity (intended as new or enlarging T2 lesions and 

gadolinium-enhancing lesions) are the main parameters 

measured in clinical trials. Onset of progression and degree 

of disability after 5–10 years or more are further parameters 

which are useful in evaluation of the long-term efficacy of 

these drugs, although it is not always possible to have an 

adequate comparator group of untreated patients for ethical 

reasons. For this purpose, real-life observational studies using 

propensity scores or other appropriate statistical methods are 

useful, giving measures of effectiveness, rather than efficacy, 

and overcoming the issue of heterogeneity of placebo groups 

across pivotal and extension studies.13

Because new and possibly more effective therapies for 

MS are emerging, it is reasonable to expect that outcome 

measures, such as sustained improvement in physical dis-

ability, measured by the Expanded Disability Status Scale, 

will be used in clinical MS trials.14

Literature search
Given that the scope of this review is to offer considerations 

about relapsing-remitting MS, a systematic bibliographic 

search was not deemed necessary. However, a PubMed 

search up to January 2013 was conducted using the following 

medical subject headings: “risk assessment”, “drug therapy”, 

“multiple sclerosis”, “risk”, “benefit”, “considerations”, 

and individual drug names. Hand searching of references 

from review articles and proceedings of the main confer-

ences held in the last five years was carried out to locate 

other articles of possible interest. The relevance of papers 

was first assessed by reading the titles and abstracts. Each 

author critically reviewed the literature. Next, AL assessed 

key ideas and drafts from the single authors, compared them, 

resolved conflicts, and was responsible for the final version. 

For brevity, we focused our attention on disease-specific 

drugs for relapsing-remitting MS and avoided an evaluation 

of symptomatic treatments. Our appraisal does not take into 

concern the economic perspective including the issue of 

cost-effectiveness analysis.

Drugs already on the market
Beta interferons
IFNβ-1b (Betaseron®, Bayer HealthCare, Leverkusen, 

Germany; Extavia®, Novartis, Cambridge, MA, USA) was 

the first drug approved by the Food and Drug Administra-

tion (FDA) in 1993, on the basis of the results of pivotal, 

randomized, controlled clinical trials.15,16 Other IFNβ for-

mulations are also approved, ie, IFNβ-1a (Avonex®, Biogen 
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Idec, Cambridge, MA, USA) and IFNβ-1a (Rebif®, Merck 

Serono, Billerica, MA, USA).17,18 IFNβ is involved in the 

immune response, with antiviral and antiproliferative effects. 

Antiviral properties contribute to the favorable safety profile 

of IFNβ, whereas its antiproliferative effects can interfere 

with wound healing and have mild but measurable effects in 

exposed pregnancies.19 A favorable effect of higher frequency 

and higher doses of IFNβ on both clinical and magnetic reso-

nance imaging (MRI) outcomes has been observed.20–22

The CHAMPS,23 ETOMS,24 BENEFIT,25 and REFLEX26 

studies have shown a beneficial effect of IFNβ in patients 

with clinically isolated syndromes in terms of prolonged 

time to conversion to clinically definite MS. Based on the 

results of these randomized, controlled clinical trials, both the 

FDA and European Medicines Agency approved the use of 

IFNβ in individuals who have experienced a first neurologi-

cal episode and have clinical and MRI features consistent 

with MS. However, no differences were found in disability 

outcomes measured as Expanded Disability Status Scale 

and Multiple Sclerosis Functional Composite scores nor in 

MRI outcomes, indicating that although treatment delays 

conversion to clinically definite MS, a delay in treatment 

does not necessarily imply greater disability progression.27,28 

This is still controversial, given that some observational, but 

methodologically sound, studies showed that early initiation 

of treatment with IFNβ is associated with a reduction in 

progression of disability.29–31

Randomized, controlled clinical trials including both 

patients with relapsing-remitting MS and those with sec-

ondary progressive MS showed that there is a therapeutic 

window within which initiating treatment can positively 

affect development of disability. All trials also showed a 

favorable long-term safety and tolerability profile.32 The 

21-year long-term follow-up of patients who participated in 

the randomized, controlled clinical trial of IFNβ-1b showed 

that early treatment is associated with better survival and 

all-cause mortality in patients with relapsing-remitting MS 

compared with placebo.33

The most common side effects of IFNβ are flu-like 

symptoms (fever, myalgia, chills, headache), occurring in 

about 75% of patients within 1–6 hours of injection, and 

the local site reactions (pain, erythema, pruritus, and less 

commonly necrosis and lipoatrophy) occurring with the 

subcutaneous formulations. These adverse events impact 

adherence. Use of symptomatic agents and autoinjection 

devices improves adherence.34,35 Other adverse events 

potentially affecting adherence are worsening of weakness 

and spasticity.

A review of the literature on psychiatric side effects of 

IFNβ in MS did not show an association between IFNβ and 

depression or suicide.36,37 An observational study found that 

depression remained largely stable over three years of IFNβ 

treatment.38

Periodic hematochemical analyses are recommended, 

because lymphopenia, elevation of aminotransferases, and 

thyroid dysfunction are common, especially with the higher-

dose regimens, although are usually subclinical.39,40

Neutralizing antibodies can form during treatment with 

IFNβ, affecting biological activity and, although this is still 

controversial, clinical and especially radiological efficacy. 

To help the decision on whether to modify treatment after a 

relapse or reactivation on MRI, it seems wise to test patients 

for neutralizing antibodies.41

Among the different IFNβ formulations, neutralizing anti-

bodies develop more frequently with subcutaneous IFNβ-1b 

due to its higher immunogenicity, and less frequently, with 

once-weekly intramuscular IFNβ-1a.42 This might impact the 

choice between the different IFNβ formulations. In recent 

analyses, no association was found between IFNβ and an 

increased risk of any kind of cancer,43 contrary to earlier 

publications.44

Glatiramer acetate
Based on two trials showing efficacy in relapsing-remitting 

MS,45,46 glatiramer acetate (Copaxone®, Teva Pharmaceutical 

Industries Ltd, Petah Tikva, Israel) was approved by the FDA 

in 1996 as first-line treatment for relapsing-remitting MS.47 

The efficacy of glatiramer acetate in relapsing-remitting 

MS and clinically isolated syndrome was subsequently 

confirmed.48,49 In a test of comparative efficacy, glatiramer 

acetate was superior to IFNβ-1a 30 µg intramuscularly 

once weekly in reducing the risk of exacerbation.50 The 

REGARD (glatiramer acetate versus subcutaneous IFNβ-1a) 

and Beyond and Become (IFNβ-1b) studies failed to show 

the superiority of high-dose IFNβ compared with glatiramer 

acetate on primary endpoints, although glatiramer acetate 

appeared to be less efficient on some MRI parameters.51–53 

Therefore, it is common practice to consider glatiramer ace-

tate as an alternative option to high-dose IFNβ.54  Extension 

studies reporting results up to 15 years of treatment show 

that the group treated with glatiramer acetate has maintained 

a reduced relapse rate, a slowing in progression, and good 

tolerability, without evidence of new safety signals.55

Among therapy-related adverse events, the most common 

is injection site reaction (occurring in 56%–78% of cases 

and manifesting as hematoma, skin necrosis, erythema, pain, 
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pruritus, and subcutaneous lipoatrophy).56 The main systemic 

adverse event described is the so-called “systemic reaction”, 

starting immediately after the injection, usually lasting about 

30 seconds, and characterized by hot flushing, chest tight-

ness, dyspnea, palpitations, and anxiety. This reaction has 

an average incidence of 5%. Lymph node swelling has been 

reported in the first weeks of treatment. In an observational 

study, 12 months after starting treatment with glatiramer 

acetate, there were no statistically significant changes in Beck 

Depression Inventory-Short Form scores.57 Anaphylactic 

reactions have occurred rarely.58,59

A recently published review addressing the issue of 

the risk-benefit ratio for glatiramer acetate concluded that the 

benefits outweigh the risks.47 Glatiramer acetate is by far the 

safest drug on the market. However, when complicated by 

lipoatrophy and subcutaneous nodules, the local reaction not 

only makes the injection painful, but also hinders absorption, 

leading to loss of efficacy. Therefore, in the case of glatiramer 

acetate, the risk is related not to the adverse event profile, 

but to loss of efficacy and poor adherence.

Mitoxantrone
Mitoxantrone was approved for progressive relapsing and 

secondary progressive MS in 2000. After the conclusion 

of the European Mitoxantrone in Multiple Sclerosis Group 

Phase III study in 2002, the FDA extended approval to 

aggressive relapsing-remitting MS. Mitoxantrone is admin-

istered intravenously at a dose of 8 mg/m2 body surface 

monthly for six months according to the French protocol, or 

at a dose of 12 mg/m2 every three months for two years, as 

in the Mitoxantrone in Multiple Sclerosis Group study, but 

the regimens used in clinical practice vary. In our opinion, 

8 mg/m2 bimonthly infusions have a better risk-benefit 

 profile. The maximum recommended cumulative dose ranges 

from 120 mg/m2 in MS in Italy to 140 mg/m2 in cancer.60,61 

Mitoxantrone has long-term efficacy after discontinuation, 

allowing for induction therapy in aggressive cases.60

The most frequent adverse events are nausea/vomiting, 

alopecia, infection, thrombocytopenia, anemia, increased 

liver enzymes, and amenorrhea/infertility.61 Use of mitox-

antrone is limited by cardiotoxicity and the risk of therapy-

related acute myeloid leukemia (TRAL). The overall 

estimated risk of decreased systolic function is 12%, which 

is sometimes asymptomatic. The risk of congestive heart 

failure is 0.4%. Cardiotoxicity can be idiosyncratic, with 

post-marketing reports at a cumulative dose ,100 mg/m2. 

To monitor cardiac function, evaluation of left ventricular 

ejection fraction is recommended after each infusion with 

three-monthly infusions, but it is unclear whether closer 

monitoring should be performed with different regimens. 

Recent reports have documented a risk for TRAL between 

2% and 3% after a mean follow-up of five years,62 and 0.93% 

after a mean follow-up of four years, with a 3% increase for 

every one unit increase in cumulative dose.63 Rare cases of 

acute lymphoblastic leukemia and chronic myeloid leukemia 

have also been reported. Combining all reports, TRAL occurs 

in about 0.8% of mitoxantrone-treated patients, especially 

after a cumulative dose .70 mg/m2.63 On the basis of cur-

rent knowledge, a cumulative dose up to 60 mg/m2 can be 

used without a relevant increase in the risk of TRAL.60,63 

Therefore, it is recommended to monitor patients with MS 

on mitoxantrone for TRAL and cardiotoxicity also in the five 

years after discontinuation of mitoxantrone therapy, even if 

guidelines on timing of such monitoring are lacking.

Natalizumab
Natalizumab (Tysabri®, Biogen Idec) is the first monoclo-

nal antibody approved as monotherapy for the treatment of 

relapsing-remitting MS. Initially approved by the FDA in 

2004, natalizumab was taken off the market in 2005 after 

three fatal cases of progressive multifocal leukoenceph-

alopathy (PML) caused by reactivation of latent JC virus 

infection. After a safety review in 2006, natalizumab was 

again on the market, but under safety programs to mitigate 

the risk of PML.

The pivotal trials (AFFIRM and SENTINEL)64,65 showed 

that natalizumab reduces exacerbation, progression, and MRI 

burden, and has a positive effect on quality of life. Efficacy of 

natalizumab was found in a Cochrane meta-analysis.66 A post 

hoc analysis of the AFFIRM study showed that natalizumab 

can favor disease remission (eg, no clinical or radiological 

disease activity).67 Some studies showed that natalizumab is 

effective in reducing the risk of cognitive deterioration and 

fatigue.68 The regulatory agencies recommend use of natali-

zumab for patients with relapsing-remitting MS with high 

disease activity despite a first-line therapy or with rapidly 

evolving severe relapsing-remitting MS.69

Focusing attention on the main safety concern about 

natalizumab, it has to be underscored that primary JC virus 

infection is common but asymptomatic in immunocompe-

tent patients. The causes of PML in natalizumab-treated 

patients have not yet been fully elucidated.70 PML in the 

setting of natalizumab treatment compared with PML in 

other settings, in particular in patients with acquired immu-

nodeficiency syndrome, shows differences. In particular, 

in natalizumab-associated PML, lesions often show MRI 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

896

Lugaresi et al

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2013:9

contrast enhancement at presentation and, after plasma 

exchange, inflammation generally increases due to immune 

reconstitution syndrome.71 Although PML remains a very 

severe and worrisome complication of natalizumab, 80% 

of patients survive with moderate to severe disability, 

There are three currently recognized risk factors, ie, a 

positive anti-JC virus antibody serostatus, which can be 

evaluated with the Stratify JCV® test offered by Biogen 

Idec, prior or current immunosuppressant therapy, and 

duration of natalizumab therapy (especially if longer than 

two years). Patients with a negative Stratify JCV test have 

the lowest risk (estimated as 0.09 cases or fewer per 1000 

patients). Patients positive for all three risk factors have an 

estimated risk of 10.6 per 1000 patients (Biogen Idec, data 

on file, March 2013). The use of an algorithm including 

the Stratify JCV test, prior immunosuppressant use, and 

treatment duration is deemed helpful in assessing the risk 

of PML when sharing the decision to stop natalizumab 

treatment with the patient. Individual severity of MS, 

prior use and failure of disease-modifying drugs, and the 

efficacy and safety of alternative therapies have to be taken 

into consideration and discussed with the patient, to share 

the decisions on initiation and duration of treatment.72 

In seronegative patients, it is recommended to repeat the 

Stratify JCV test every six months during treatment with 

natalizumab, to evaluate seroconversion.

We would also recommend to perform the test, along with 

MRI scanning, in case of clinical events. In a longitudinal 

analysis, around 10% of patients converted from an anti-JC 

virus antibody-negative to seropositive status over around 

eight months.73 This might be partly the effect of a more 

sensitive technique used to detect anti-JC virus antibodies 

and can generate anxiety in seroconverted patients. It has 

been suggested that, after 24 months, MRI should be repeated 

every six months for early detection of areas suggestive of 

PML in seropositive patients who do not wish to discontinue 

treatment. This would enhance early diagnosis, reducing the 

risk of severe disability and death. Polymerase chain reaction 

for detection of JC virus DNA in the cerebrospinal fluid has to 

be performed in suspected cases of PML. The use of plasma 

exchange to remove natalizumab is controversial, because 

it enhances MS reactivation and immune reconstitution 

 syndrome. Although clear guidelines are missing, it seems 

safer to treat immune reconstitution syndrome with steroids 

only if PML is confirmed, because preventive use might 

cause immunosuppression and increase the risk of PML, 

rather than preventing MS reactivation, after discontinuation 

of natalizumab.74

Several reports have documented reactivation of MS after 

discontinuation of natalizumab. The majority of patients 

showed MRI and clinical activity comparable with that prior 

to disease-modifying drug treatment within 2–6 months after 

stopping natalizumab, independently of initiation of other 

treatments (including fingolimod).75–80 These issues should 

be clearly explained to patients before starting treatment.

A pregnancy exposure registry has been established for 

natalizumab. Preliminary data have not shown severe adverse 

effects on the outcomes of pregnancy.69,81 The preliminary 

findings of the registry, although apparently reassuring, are 

not sufficient to suggest women should not discontinue treat-

ment if planning a pregnancy, but helps in deciding whether 

to interrupt pregnancy in exposed women.

In conclusion, natalizumab, although associated with 

a variable risk of PML, is a very effective treatment for 

relapsing-remitting MS and is well tolerated. A benefit-

risk evaluation is mandatory in every single patient. The 

decision to start or continue natalizumab or to switch to 

another available drug must take into account the clini-

cal and radiological characteristics before any treatment, 

disease-modifying drug treatment, disease duration, and 

accumulation of disability.82 After an open and transparent 

presentation of the risks and benefits of treatment versus 

discontinuation, neurologists should respect the opinion of 

the patient, which is heavily influenced by fear (of physi-

cal disability and cognitive impairment more than death) 

and past experience of the disease (markedly aggressive, 

unresponsive to conventional treatment). In general, 

patients accept the risk of  natalizumab-associated PML 

if progression of MS is their primary concern and if they 

have experienced highly active disease despite a first-line 

therapy.83 In the decision-making process, in the absence of 

clearcut guidelines, the attitute towards risk management 

both of therapy and untreated disease of the individual neu-

rologist play an important role in the process of informing 

the patient and the decision is the product of an exclusive 

doctor-patient relationship.84 A study has demonstrated 

that, compared with their neurologists, natalizumab-treated 

patients perceive MS to be more malignant and natalizumab 

to be more effective, and that there are no significant dif-

ferences between patients and neurologists regarding per-

ception of PML risk, but patients generally accept higher 

risks than physicians.85

Although a quantitative risk-benefit analysis of natali-

zumab in 2008 showed that the benefits of long-term treat-

ment with natalizumab far exceeded the risk of developing 

PML, we should now reconsider that statement in different 
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MS cohorts.86 Although some Authors consider the risk of 

natalizumab-related PML, death, or severe disability unac-

ceptable and prefer the use of safer drugs,87 the majority of 

clinicians argue that this risk can be minimized using risk 

 stratification combined with high clinical and MRI vigilance 

in each patient.88,89

Fingolimod
Fingolimod (FTY720, Gilenya®, Novartis) was approved by 

the FDA in 2010 as first-line therapy for relapsing-remitting 

MS. It has been authorized in the European Union since 

March 2011 as second-line treatment. The different position-

ing might reflect the different health systems, with attention 

focused on efficacy in the US and safety in the European 

Union.

The approved dose of 0.5 mg appears to be efficacious but 

safer, according to the results of two large published, random-

ized, double-blind, controlled Phase III trials ( FREEDOMS 

and TRANSFORMS).90,91 The annualized relapse rate 

(primary endpoint) was significantly lower and disability 

progression delayed in patients treated with fingolimod com-

pared with placebo in  FREEDOMS I.  Similar results were 

reported for FREEDOMS II by  Calabresi et al.92,93 Also, in 

TRANSFORMS (one year duration of blinded phase), the 

annualized relapse rate (primary endpoint) was significantly 

lower in patients treated with fingolimod compared with 

IFNβ-1a, but there were no significant differences in time 

to progression of disability at three months. The number 

of new and newly enlarging T2 lesions was significantly 

lower in patients treated with fingolimod than in patients 

who received IFNβ-1a.91 After these trials, fingolimod 

0.5 mg seems to provide the best risk-benefit ratio and is 

the approved dose.

Regarding safety, adverse events reported in these tri-

als were bradycardia (after the first dose), transient second 

degree Wenckebach atrioventricular block, decreased pul-

monary function (forced expiratory volume in one second), 

macular edema, liver toxicity, and mild hypertension. In 

FREEDOMS II, the incidence of symptomatic bradycardia 

was 0.8% in the fingolimod group versus 0.3% in the placebo 

group.93 In the extension phase of FREEDOMS, with data 

up to four years, no new or unexpected adverse events have 

come to light.94,95

After the sudden death of a patient in the US within 

24 hours of the first dose of fingolimod and 11 cases of 

probable cardiovascular death in Europe, new recommen-

dations have been issued for cardiac monitoring after the 

first dose of fingolimod and in the event of restarting after 

discontinuation. Concurrent medication that could cause 

bradycardia, prolong the QT interval, or cause arrhythmias 

has to be used with caution.96–98

During TRANSFORMS, two fatal infections occurred in 

the group receiving the 1.25 mg dose, ie, disseminated pri-

mary varicella zoster and herpes simplex encephalitis.91 This 

led to the recommendation to assess varicella zoster serosta-

tus before initiation of fingolimod, and vaccination in sero-

negative cases. This might not prevent mortality, because 

serostatus might change and concomitant steroid use might 

decrease immune surveillance also in immunized subjects.

Opportunistic infections and malignancies (seven cases 

of skin cancer, lymphoma) have also been reported, but the 

actual incidence has still to be determined (Novartis, data 

on file). In FREEDOMS II, the incidence of herpes infec-

tions, hypertension, and basal cell carcinoma were higher, 

but pooled analysis from three pivotal Phase III trials and a 

Phase II study did not confirm these findings.93

Severe relapses and tumefactive lesions have been 

described when fingolimod treatment was started 3–4 months 

after discontinuation of natalizumab.99 However, tumefac-

tive lesions during fingolimod treatment were reported 

also in cases not previously treated with natalizumab, as 

reviewed by Hardy and Chataway.100 In April 2012, Novartis 

announced that a patient with MS treated with fingolimod 

and previously treated with natalizumab had been diagnosed 

with PML.101 Therefore, caution must be exercised about 

switching from natalizumab to fingolimod at the time of 

immune reconstitution. Recently, some reports have been 

published highlighting the still unknown potential rebound 

effects of discontinuation of fingolimod.102,103

A recent pooled analysis of safety data from Phase II, 

Phase III, and extension studies for fingolimod (all doses, 

n = 3553; 9070 patient years, with 1510 patients treated for 

more than three years and some seven years) show a good 

safety profile consistent with previous results.104 Similar 

results have been reported in clinical practice.105

The observational FIRST study, which evaluated safety 

in a setting similar to that of clinical practice, where comor-

bidities did not constitute an exclusion criterion, enrolled 

approximately 2400 patients with relapsing-remitting MS 

and underlying cardiac conditions (Mobitz type I second-

degree atrioventricular block, symptomatic bradycardia, a 

positive tilt test, concomitant use of beta blockers). Cardiac 

events (overall considered to be of a benign nature) related 

to initiation of fingolimod were recorded in less than 5% 

of patients, with a slightly higher frequency in the cardiac 

risk subgroup.106–108 A German national safety register 
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(1850 patients) provided evidence of symptomatic brady-

cardia at initiation in only 0.6% of patients.109 The FIRST 

trial also demonstrated that macular edema is more frequent 

in patients with diabetes and in those aged .55 years.107 

The drug is potentially teratogenic, so is contraindicated in 

pregnancy and during breastfeeding.

With more than 49,000 patients exposed to fingolimod as 

of November 2012 and 135 patients who had been treated and 

followed up for  7 years at the time of European Medicines 

Agency (EMA) approval, fingolimod can be used with confi-

dence as a second-line treatment in an appropriate setting and 

following the safety recommendations.110 Further ongoing 

observational post-marketing studies will help to clarify the 

relative long-term safety, tolerability, and efficacy of fingoli-

mod with respect to other disease-modifying drugs.

Teriflunomide
Teriflunomide (Aubagio®, Genzyme, Haverhill, UK) is 

an immunomodulatory and anti-inflammatory drug at the 

doses approved for MS.111 It is the active metabolite of 

leflunomide, a drug prescribed in rheumatoid arthritis and 

psoriatic  arthritis. Teriflunomide (7 mg or 14 mg orally 

once daily) has been approved by the FDA as a first-line 

treatment for patients with relapsing-remitting MS, based 

on efficacy and safety data derived from core Phase II and 

Phase III studies (TEMSO, TOWER, TENERE)112–115 and 

the respective extension studies.116,117 In the pivotal studies, 

the most common adverse events were nasopharyngitis, 

headache, diarrhea, fatigue, neutropenia, elevated alanine 

aminotransferase, nausea, hair thinning or decreased hair 

density, flu-like symptoms, back pain, urinary tract infec-

tions, and pain in the limbs.

The TENERE study demonstrated that teriflunomide was 

not inferior to subcutaneous IFNβ-1a with regard to rates of 

treatment failure.115 In the TERACLES study, teriflunomide 

as add-on therapy to IFNβ was safe and decreased MRI 

activity compared with IFNβ alone, indicating possible syn-

ergic efficacy.118 Enhanced liver toxicity might be an issue, 

considering data from the leflunomide studies.119

The as yet unpublished results of the TOPIC study show 

that teriflunomide can prevent or delay conversion to clini-

cally definite MS,120 making teriflunomide the first oral treat-

ment with efficacy data in patients with clinically isolated 

syndromes. Teriflunomide does not appear to interfere with 

seasonal influenza vaccination (TERIVA study, unpublished 

data).121

We disagree with the conclusion of a Cochrane review122 

stating that there is a low-level of evidence for use of 

teriflunomide in relapsing-remitting MS and the review-

ers’ opinion about the methodological quality of the studies 

included. However, the low retention rate in the pivotal studies 

(around 70%) possibly indicates a low therapeutic advantage. 

Teriflunomide has several limitations, including long persis-

tence in the organism (for up to two years) and the need for 

fast elimination using cholestyramine or active charcoal in 

the event of pregnancy or adverse events. In our opinion, one 

major safety issue with teriflunomide is its teratogenic effect, 

which might limit its use, especially in female MS patients in 

the reproductive age group.112

Severe liver injury, including fatal liver failure, has been 

reported in patients treated with leflunomide. A similar 

risk would be expected for teriflunomide, given that the 

recommended doses for teriflunomide and leflunomide 

provide similar plasma concentrations of teriflunomide. As 

a consequence, teriflunomide is contraindicated in patients 

with hepatic impairment, and it is mandatory to monitor 

transaminase and bilirubin levels. Special attention should 

be paid to comedication with other potentially hepatotoxic 

drugs. In clinical trials, if alanine transaminase elevation was 

more than three times the upper limit of normal on two con-

secutive tests, teriflunomide was discontinued and patients 

underwent accelerated elimination.

There are insufficient data to evaluate rare or long-term 

adverse events, such as cancer and opportunistic infections. Two 

cases of PML during treatment with leflunomide in rheumatoid 

arthritis are described in more than 1.9 million patient-years of 

exposure.113 The risk of MS reactivation (or rebound) after drug 

discontinuation has not yet been assessed. Compared with other 

disease-modifying drugs, teriflunomide might not be safe or 

efficacious enough to be a first choice in naïve patients.

Oral dimethyl fumarate
Oral dimethyl fumarate (Fumaderm®, Fumapharm AG, 

Luzern, Switzerland) has been used in Europe for more than 

30 years to treat psoriasis.123,124 Dimethyl fumarate appears to 

have immunomodulatory and neuroprotective effects, pos-

sibly through an antioxidant effect determined by activation 

of nuclear factor (erythroid-derived 2)-like 2.124–126 Dimethyl 

fumarate does not cause significant immunosuppression. 

In March 2013, dimethyl fumarate (as Tecfidera®, Biogen 

Idec) was approved by the FDA on the basis of random-

ized, controlled clinical Phase III trials (DEFINE and 

CONFIRM).127,128 The medical use of dimethyl fumarate 

appears safer than its industrial use, where it provoked 

eczematous burns in hundreds of people through skin contact 

in several European cities.129
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A Phase II study (240 mg three times daily),130 and two 

randomized, controlled Phase III clinical trials (DEFINE 

and CONFIRM, 240 mg twice or three times daily versus 

placebo) showed significant reduction in the relapse rate at 

two years and neuroradiological efficacy.127,128

In the CONFIRM trial, glatiramer acetate was also used 

as an active comparator and reduced the annualized relapse 

rate by 29% compared with the 51% reduction observed for 

dimethyl fumarate (higher dosage). According to a prelimi-

nary analysis, patients treated with dimethyl fumarate in the 

two Phase III clinical trials also reported a better quality of 

life.131

Although some inferences on long-term safety and toler-

ability can be derived from the use of systemic fumaric acid 

esters in psoriasis, the different treatment regimens (continu-

ous versus intermittent) do not allow definite conclusions. 

A small (n = 66) study found no significant long-term adverse 

events and established the safety of fumarate in psoriasis with 

a follow-up period of up to 14 years (around 40% for at least 

one year, around 20% for 10–14 years).132

In the pivotal trials (DEFINE and CONFIRM), com-

mon adverse events were nausea, abdominal pain, diarrhea, 

facial flushing, lymphopenia, eosinophilia, and hepatotox-

icity (transaminase elevations). There have been no cases 

of malignancy or opportunistic infections. However, some 

concerns have been raised recently concerning the occur-

rence of PML in patients with psoriasis who were treated 

with fumarates.133–135

One of the advantages of dimethyl fumarate is the oral 

route of administration, which might enhance adherence. 

On the other hand, if flushing and gastrointestinal symptoms 

are not managed adequately, they might provoke early 

discontinuation. Addition of pentoxifylline or acetylsalicylic 

acid has been shown to be efficacious in reducing symptoms 

of flushing in patients with psoriasis.136 A randomized, double-

blind study is ongoing to evaluate the effects of aspirin or slow 

dose titration on reducing flushing and gastrointestinal events 

due to dimethyl fumarate in healthy volunteers.137

If safety and efficacy data from Phase III studies are 

confirmed to five years by the ongoing extension study 

(ENDORSE),138 dimethyl fumarate will be destined for 

success as a first-line treatment, compared with first-line 

injectable therapies.139

Nonspecific immune suppressants
Azathioprine
Azathioprine is the most widely used immunosuppres-

sant in MS, even if it is not approved in the US or in most 

European countries.140 It is generally used at a dose of 

2.5–3 mg/kg/day or lower in the event of hematological (white 

blood cell count ,3000, lymphocyte count ,1000/mm2, or 

mean cell volume .100) or liver toxicity.

A Cochrane meta-analysis reported that azathioprine was 

effective in reducing relapses and progression of disability 

during a follow-up period of up to three years.141 However, 

this meta-analysis was based on trials judged as having a 

high to moderate risk of bias. Moreover, a large proportion 

of patients included were diagnosed as having progressive 

disease.

Efficacy with regard to MRI parameters was found 

in 14 patients with relapsing-remitting MS evaluated by 

monthly scans for six months before and after initiation of 

treatment.142 The more frequent adverse events are gastro-

intestinal intolerance, infections (especially of the urinary 

or respiratory tract), pancreatic and hepatic toxicity, and 

bone marrow suppression.143 Myelosuppression caused by 

azathioprine can be related to thiopurine S-methyltransferase 

deficiency, an autosomal recessive trait causing excessive 

accumulation of thioguanine nucleotides in hematopoietic 

tissues.140 As a consequence, periodic hematological exami-

nations and dose adjustment are mandatory.

It would seem reasonable to recommend thiopurine 

methyltransferase testing when patients are not achieving 

their target white blood cell count despite adequate weight-

based dosing, to ascertain unfavorable metabolism, which is 

unlikely to result in therapeutic efficacy.144

A possible increase in risk of malignancy was suggested 

only by treatment duration beyond ten years or a cumula-

tive dose exceeding over 600 g.145 In particular, a risk of 

lymphoma of around one per 1000 was suggested by a study 

in patients with rheumatoid arthritis under long-term treat-

ment with azathioprine.146 In conclusion, azathioprine should 

be used only in patients without other therapeutic options 

because of its unclear risk-benefit balance.

Methotrexate
Methotrexate is an antimetabolite approved in several coun-

tries for the treatment of rheumatoid arthritis, meningeal 

leukemia, and a variety of other malignancies. Long-term 

administration of methotrexate can be associated with serious 

adverse events, in particular hepatic fibrosis, but also lung, 

bone marrow, and kidney toxicities, as well as skin reactions. 

In rare instances hemorrhagic enteritis and death for intestinal 

perforation have been reported. Therefore in case of gastroin-

testinal symptoms such as diarrhea and ulcerative stomatitis, 

treatment should be stopped. An increased risk of opportu-
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nistic infections is possible. At the low doses used in MS, 

methotrexate is well tolerated and has an  acceptable safety 

profile.  Concomitant folate supplementation is  recommended 

by some. Published studies are inconclusive, and the actual 

effectiveness of methotrexate in the treatment of MS has not 

been established.140 Well designed trials in relapsing-remitting 

MS are lacking. Use of methotrexate should be limited to 

cases unresponsive to approved drugs which in relapsing-

remitting MS is negligible.

Cyclophosphamide
Cyclophosphamide is an alkylating agent that binds to DNA, 

interfering with mitosis and the cell cycle. It has been used in 

various malignancies. Cyclophosphamide has immunosup-

pressive and immunomodulating properties and may exert a 

local immunomodulatory and immunosuppressive effect on 

the aberrant ectopic lymphatic tissue which has been related 

to disease progression.147,148 Cyclophosphamide is usually 

administered via the intravenous route monthly, and is well 

tolerated by most patients.149 Efficacy results of studies are 

often conflicting in relapsing-remitting MS. The greatest 

benefits may be seen in younger patients (,40 years) with 

an aggressive course refractory to treatment.149

Common adverse events are alopecia, nausea/vomiting, 

transient myelosuppression, amenorrhea, oligo/azoospermia 

and hemorrhagic cystitis. Hemorrhagic cystitis occurs in 

about 4.5% of MS patients treated with cyclophosphamide, 

and can be prevented by increasing fluid intake and adminis-

tration of uromitexan. Particular attention should be paid to 

patients with bladder dysfunction, and catheterization during 

infusion should be recommended if post-void residual is 

suspected. Cyclophosphamide increases the risk of bladder 

cancer which is favored by toxic cystitis, chronic urinary 

tract infections related to bladder dysfunction, and permanent 

catheterization.148 Bladder carcinoma can occur up to 17 years 

post-treatment and has been associated with a cumulative 

cyclophosphamide dosage of .100 g in patients with rheu-

matologic disorders.150,151 Therefore, long-term surveillance 

in exposed patients should be carried out, including periodic 

urinary cytology and annual cystoscopy in selected cases. The 

risk of amenorrhea is between 33% and 44% in MS patients 

treated with cyclophosphamide, so women with child-bearing 

potential should be adequately informed. Azoospermia is 

related to the cumulative dose of cyclophosphamide, but it is 

unknown whether this is reversible or permanent.

Although data on humans are lacking, cyclophosphamide 

is teratogenic in animals, so should be discontinued before 

conception.148 Cyclophosphamide may also increase the risk 

of infection. Patients treated with cyclophosphamide should 

be instructed to avoid contact with patients with infectious 

diseases and to avoid live vaccines, particularly during the 

nadir period.149

Although extensive experience with cyclophosphamide 

in MS patients has been accrued in the past 40 years, con-

clusive efficacy data are lacking. Cyclophosphamide has 

not been approved for use in MS by the main regulatory 

agencies.

Cyclophosphamide at lower doses in combination with 

IFNβ appears to be effective and safe.152,153 At high doses, 

cyclophosphamide is used in autologous hematopoietic stem 

cell transplantation to mobilize peripheral blood progenitor 

cells, but the use of immunoablative doses as an alternative to 

other aggressive approaches, such as autologous hematopoi-

etic stem cell transplantation or alemtuzumab, has not been 

investigated in controlled clinical trials.

Although the efficacy data are less convincing, cyclo-

phosphamide may be preferred to methotrexate as induction 

therapy in rapidly progressing patients, because of the dif-

ferential risk for leukemia.63 However, it has to be remem-

bered that previous use of nonselective immunosuppressive 

drugs increases the risk of PML in natalizumab-treated 

patients. Cyclophosphamide should also be considered in 

the event that approved first-line and second-line drugs 

fail or when fingolimod, natalizumab, or methotrexate are 

contraindicated.147

Experimental agents
In the era of new oral agents, the use of injectables has become 

less appealing. Therefore, companies developing IFNβ, 

analogous to what happened in hepatology, have devised new 

formulations requiring less frequent injection. In particular, 

PEGylation, a technique by which one or several molecules 

of polyethylene glycol (PEG) are covalently linked to a drug, 

extends the half-life of IFNβ-1a, thus allowing a reduction in 

the frequency of injection to once every two or four weeks. 

The lower frequency of administration might ameliorate 

adherence.

Preliminary studies have shown that PEGylated inter-

feron beta-1a (PEG-IFN) is well tolerated, with mild and 

transient reduction in the absolute number of neutro-

phils and  lymphocytes. The most common adverse event 

described is a flu-like syndrome and redness at the injec-

tion site.154,155 Cases of cutaneous sarcoidosis have been 

described after PEG-IFN injection.156 A further concern is 

toxicity, because interruption of treatment will not lead to 

rapid drug elimination.
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New oral drugs
Laquinimod
Laquinimod (quinolone-3-carboxamide) is an oral immu-

nomodulatory agent with promising neuroprotective and 

anti-inflammatory effects.157 Laquinimod has shown in the 

Phase IIb trials and extension studies to have a good safety 

profile, and the higher dose of 0.6 mg gave better results on 

MRI activity. The lower dose of 0.3 mg did not show signifi-

cant benefits.158–160 In the Phase III ALLEGRO and BRAVO 

studies, the relapse rate was not significantly decreased, but 

progression of disability and brain atrophy were significantly 

delayed by laquinimod 0.6 mg/day.161,162 In the ongoing 

CONCERTO study, the safety and efficacy of the higher 

dose of 1.2 mg will be compared with laquinimod 0.6 mg 

and placebo. So far, laquinimod seems well tolerated.163 The 

most common adverse events are abdominal pain, back pain, 

cough, and reversible liver toxicity.161 If the favorable safety 

profile is maintained at higher doses, with higher efficacy, 

laquinimod might represent a good option as first-line treat-

ment, especially in patients showing progression from the 

early phase and in those with concomitant disease.

Monoclonal antibodies
Alemtuzumab
Previously known as campath-1H, alemtuzumab (Lemtrada®, 

Genzyme) is a humanized monoclonal antibody to CD52 

under scrutiny for licensing to treat relapsing-remitting 

MS. It is administered as an intravenous infusion five times 

in the first year and three times in the second year. Further 

cycles are given only in the event of reactivation of MS. 

Alemtuzumab compared with subcutaneous high-dose, 

high-frequency IFNβ-1a, in one Phase II trial164 and in two 

Phase III trials, ie, CARE-MS I165 and CARE-MS II,166 

not only reduced the relapse rate but also decreased the 

accumulation of  disability.167 An extension of the Phase II 

trial showed superiority of alemtuzumab compared with 

IFNβ-1a for up to five years.168 The results of the CARE-MS 

II trial (untreated patients with early relapsing-remitting MS, 

Expanded Disability Status Scale #3.0 and disease duration 

three years or less) strengthen the hypothesis that immuno-

therapies are more effective if given early. Alemtuzumab can 

cause an immediate infusion reaction, characterized by rash, 

headache, a flu-like syndrome, and transient recurrence of MS 

symptoms, which are easily controlled using corticosteroids, 

antihistamines, and paracetamol. Mild-to-moderate respira-

tory and urinary tract infections are more common in patients 

receiving alemtuzumab than in those receiving IFNβ, but seri-

ous opportunistic infections are rare. Alemtuzumab has not 

been associated with cancers, and the three cases of thyroid 

papillary carcinoma which occurred during Phase III trials 

are considered to be incidental.165 The main serious adverse 

event during treatment with alemtuzumab was the appearance 

of novel autoimmune diseases, probably as a complication 

of immune reconstitution after lymphocytopenia. The most 

serious adverse event was thrombocytopenic purpura, which 

occurred in 2.8% of patients receiving alemtuzumab in the 

Phase II CAMMS223 trial, and was more frequent in the 

high-dose group (24 mg) and fatal in one patient, who died 

following a brain hemorrhage. After this case and two further 

reports, administration of alemtuzumab was stopped from 

September 2005 to May 2007.164 Immune reactions occurred 

in 20%–30% of patients as hypothyroidism or hyperthyroid-

ism, frequently as Grave’s disease, over five years. Other 

secondary autoimmune diseases observed were autoimmune 

hemolytic anemia and Goodpasture’s disease.167,168 Given that 

autoimmune reactions can develop months to years after 

treatment, patient education, monthly blood cell counts, 

and three-monthly thyroid function tests are recommended 

for some years after cessation of treatment. Similar to other  

biological drugs,169–174 although humanized, alemtuzumab 

induces binding and neutralizing antibodies in up to 70% of 

patients after the second cycle. It is possible to prevent alem-

tuzumab immunogenicity by undertaking pretreatment with 

a modified version of alemtuzumab which no longer binds 

to its target and induces tolerance to alemtuzumab itself.167 

Alemtuzumab induces long-term immunosuppression which 

can be difficult to manage in the event of adverse reactions. 

Long-term safety data need to be carefully considered.

In conclusion, alemtuzumab appears to be a very effective 

treatment for relapsing-remitting MS, but has a more complex 

safety profile than the current first-line therapies. There is 

still debate about the cases in which alemtuzumab should 

be used,167 but it may be used as an induction therapy in 

aggressive relapsing-remitting MS or as a third-line therapy 

in patients refractory to other disease-modifying drugs.

Daclizumab
Daclizumab (Zenapax®, Roche Basel, Switzerland) is 

approved as an add-on to immunosuppressive regimens for 

preventing allograft rejection in renal transplantation. In the 

Phase II CHOICE174 and SELECT175 (where the daclizumab 

high-yield process [DAC-HYP] formulation was used) stud-

ies, daclizumab reduced relapses and the risk of progression 

to permanent disability. DECIDE is an ongoing Phase III 

trial comparing DAC-HYP and Avonex.176 Daclizumab is 

generally well tolerated, and the most common adverse 
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events are skin rashes, liver toxicity, lymphadenopathy, 

and infection, all of which are generally mild. Patients 

treated with daclizumab may be more susceptible to primary 

infections, due to the inhibitory effect on T cell priming. 

Long-term follow-up of a larger number of patients will 

clarify any safety concerns.171,172

Rituximab
Rituximab is a monoclonal antibody that selectively reduces 

CD20+ B lymphocyte levels. About 10 years ago, rituximab 

was approved by the FDA for the treatment of some forms 

of lymphoproliferative disease. It is also approved for the 

treatment of rheumatoid arthritis, and is used in vasculitis177 

and Devic’s disease.178 In HERMES, a randomized, double-

blind, controlled Phase II clinical trial, administration of 

rituximab 1000 mg on days 1 and 15 achieved a significant 

reduction in MRI activity and relapse rate in relapsing-

remitting MS.169,179

In the experience of rituximab in MS, including the 

OLYMPUS study which included patients with primary 

progressive MS, several infusion-associated adverse events 

have been reported, which were mostly mild to moderate 

in severity.180 These included headache, back pain, depres-

sion, limb pain, general pain, burning sensation, pruritus, 

and rash. The side effects described with rituximab in MS 

patients were dyspnea, muscle spasms, fever, chills, itching, 

diarrhea, flushing, cystitis, and bronchitis.177 In HERMES, 

three severe adverse events were reported in the rituximab 

arm, ie, ischemic coronary artery syndrome, malignant 

thyroid neoplasm, and severe acute progression of MS (one 

case each). Other serious adverse events were reported in 

similar proportions in the placebo and rituximab groups, 

including infections, although sinusitis and urinary tract 

infections were more common in the rituximab group. No 

clinically significant opportunistic infections were reported. 

Two serious infection-related adverse events (gastroenteritis 

and bronchitis) in the rituximab group resolved without 

sequelae.

As with natalizumab, the most worrisome adverse 

event with rituximab is PML. Fifty-seven cases of PML in 

 rituximab-treated patients negative for human immunodefi-

ciency virus (90% with lymphoproliferative disease) were 

reported in 2009.181 Other rituximab-associated cases of PML 

were reported in patients with rheumatic disease.182

To our knowledge, no cases of PML have been reported 

in patients with MS treated using rituximab. The overall and 

long-term risk of rituximab-associated PML in patients with 

MS has yet to be determined.183 The patent for rituximab 

expires in the US in 2015. This will heavily influence the 

decision to launch a Phase III trial, given that the interest of 

the pharmacologic industry has shifted to new molecules, 

such as ocrelizumab.

Ocrelizumab
Ocrelizumab is a recombinant humanized monoclonal 

antibody against CD20 B cells. In a placebo-controlled 

Phase II trial, low-dose (600 mg) and high-dose (2000 mg) 

ocrelizumab was compared with IFNβ-1a once weekly in 

patients with relapsing-remitting MS, and showed efficacy 

with regard to MRI parameters and a decreased relapse 

rate.184

Compared with rituximab, ocrelizumab has an increased 

cytotoxic effect and is expected to be less immunogenic with 

a potentially more favorable risk-benefit profile, although 

this does not appear to be the case from recent reports.184 

The incidence of serious adverse events in the Phase II 

study were similar in the ocrelizumab, placebo, and IFNβ-1a 

groups. However, one patient in the ocrelizumab 2000 mg 

group died of systemic inflammatory response syndrome.14 

In several rheumatoid arthritis and systemic lupus erythe-

matosus trials, high rates of serious opportunistic infections 

were observed in patients treated with ocrelizumab, some 

resulting in death. Given that the morbidity associated with 

ocrelizumab in patients with rheumatoid arthritis or systemic 

lupus erythematosus outweighs the benefits observed, 

clinical development programs were discontinued.185,186 The 

higher incidence of infections during the trials is probably 

ascribable to the fact that, in all the patients with arthritis, 

ocrelizumab was used as an add-on to immunosuppressive 

drugs such as methotrexate, leflunomide, cyclophosphamide, 

and corticosteroids.187 There is debate concerning the safety 

profile of ocrelizumab in patients with MS. Further large 

long-term studies are needed to explore its advantages 

compared with rituximab and the benefit-risk profile of this 

humanized monoclonal antibody in MS.184,188

Combination therapy
Because MS is a multifactorial disease with complex etio-

pathogenetic mechanisms, it is reasonable to evaluate, in 

well designed clinical trials, efficacy and safety of drugs 

with different mechanisms of action used in combination, in 

order to abolish all disease activity, compatibly with safety 

concerns. Higher efficacy comes at a cost and might make 

combination therapy unadvisable. Up until recently, none 

of the combination studies performed with IFNβ, except in 

combination with cyclophosphamide, had shown unequivo-
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cal evidence of benefit, including combinations involving 

statins, natalizumab, and azathioprine.189

CombiRx, a multicenter, randomized, three-arm Phase III 

trial evaluating the superiority of a once-weekly combina-

tion of IFNβ-1a and glatiramer acetate versus each agent 

alone and a matching placebo, confirmed the safety of this 

 combination therapy, but clinical efficacy outcomes were 

insufficient to warrant its endorsement, even though the com-

bination was more effective than either of the two drugs used 

alone with regard to MRI outcomes. It will be interesting to 

evaluate the effect of this combination on clinical outcomes 

during longer-term follow-up.

As stated earlier, nonspecific immunosuppressants have 

been evaluated in association with IFNβ in several trials. 

Cyclophosphamide, in particular, proved effective in terms 

of clinical and radiological outcomes in patients with rap-

idly worsening disease not responsive to IFNβ alone.190–192 

In  contrast, methotrexate showed no significant benefit as 

add-on therapy compared with IFNβ-1a monotherapy.193 

 Methotrexate has been used in association with intramus-

cular IFNβ-1a (unpublished results, personal involvement 

in the trial) or, more frequently, in sequential association, 

and demonstrated a reduction in clinical and especially MRI 

activity.194,195

The putative immunomodulatory effect of statins has been 

studied in association with glatiramer acetate and IFNβ in 

MS. A recent meta-analysis showed that addition of statins 

to IFNβ therapy has no benefit in MS patients.196 Vitamin D 

has been evaluated as an add-on to routine disease-modifying 

drugs, with no significant effect on disability or relapse rate 

demonstrated, but a positive effect was seen on MRI activ-

ity and without significant adverse events.197,198 Estrogens in 

association with IFNβ were found to have a positive effect 

on MRI parameters.199

The SENTINEL study demonstrated that natalizumab 

plus IFNβ was superior to IFNβ alone, but this could be 

ascribable to a net effect of natalizumab rather than to a 

positive synergistic effect. However, this association has 

been proscribed since the occurrence of the first cases of 

PML among patients treated with IFNβ.65 The present data 

on natalizumab-associated PML do not allow definitive 

conclusions, but it seems that the role of IFNβ in the devel-

opment of PML was minor, if any. A Phase III study evalu-

ated the efficacy of rituximab as an add-on in patients with 

relapsing-remitting MS and an inadequate response to IFNβ 

or glatiramer acetate, and showed a significant reduction in 

gadolinium-enhancing lesions and in the annualized relapse 

rate after treatment with rituximab.200

In conclusion, a risk-benefit evaluation is mandatory 

in every patient considering combination therapy, either 

sequential or simultaneous, especially when using drugs 

posing potential safety concerns. Possible synergistic toxicity 

has to be considered carefully.

Discussion
The therapeutic landscape for MS is now varied, requiring 

thorough evaluation of the potential risks and benefits of 

treatment with each of the agents available. Most patients 

with MS appreciate clarity and have a strong desire to 

be informed and share therapeutic decision-making.201,202 

Decision-making under risk, in MS patients, is modified.203 

Therefore, it seems crucial to inform patients that MS 

could influence management of counterfactual information 

and risk, and help them to overcome this obstacle through 

a good and trusting relationship. Health care professionals 

should not only evaluate the risks associated with therapy, but 

also the natural history of the untreated disease. They should 

ascertain each patient’s needs, goals, values, and fears.204,205 

Social and cultural background can influence perception 

and learning about the disease and its treatment, and aid 

patient decision-making. For example, it has been shown 

that Germans prefer to take an active role, whereas Italians 

are more passive-collaborative.206 Communication of the 

diagnosis and treatment suggestions are crucial steps. For a 

trusting and collaborative relationship, it is very important to 

educate the patient on the disease process, its natural history 

without treatment, and the risks and benefits of the various 

therapies available.

Patient empowerment is crucial for enhancing patient 

involvement in reporting outcomes, both at the clinical 

trial stage of drug development and during post-marketing 

follow-up.207 Given that patients can learn in many different 

ways, it can be useful to explain the disease and its treatment 

with the aid of visual tools.205 The effectiveness of an add-on 

information aid for newly diagnosed MS patients was dem-

onstrated in a randomized controlled trial.208

Patient empowerment is also meaningful from an eco-

nomic perspective. In this appraisal, we have not addressed 

the cost-effectiveness of disease-modifying drugs. However, 

the issues of the treatment costs and safety monitoring should 

be introduced into the treatment decision-making algorithm. 

Genuine patient participation in health care decision-making 

and true patient involvement in treatment choices cannot be 

reached without a cost-effectiveness analysis and in consid-

eration of the limited resources and increasingly expensive 

health technology worldwide.
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Finally, to obtain maximum adherence with therapy, the 

physician, when proposing treatment, should also consider the 

biopsychosocial aspects of medical care, discuss them with 

the patient, and finally make a shared decision. Johnson et al 

showed that the most important factor for patients in their 

treatment preferences was to delay progression of  disability. 

Among the risks, the most feared was PML, followed by liver 

failure and leukemia. Patients usually prefer higher efficacy 

against the risk of adverse events and tend to dismiss low 

frequency risks.209

The therapeutic landscape for MS is enlarging rapidly, 

thanks to the availability of new oral agents with a favorable 

risk-benefit profile and possibly new monoclonal antibodies. 

Moreover, it is now possible to stratify the risk of serious 

complications, such as PML, with the help of serological 

tests and clinical and radiological evaluation. Unlike in the 

past, natalizumab is now used not only as a rescue therapy 

in patients who are nonresponsive to first-line disease-

modifying drugs, but also as first-line therapy, especially 

in patients with a negative JC virus test and very active dis-

ease.210,211 Continuous re-evaluation of each patient’s overall 

situation is mandatory to manage their disease and needs at 

an individual level.

Risk-benefit considerations
First-line drugs
The balance between risks and benefits is favorable for all 

first-line MS drugs approved in Europe. The shared deci-

sion about which drug to use first is strongly influenced by 

the experience of the prescribing neurologist, and also by 

the comorbidities, lifestyle, and clinical and radiological 

characteristics of each individual patient. The published 

evidence indicates that no new signals have been identified 

after more than 20 years of using these agents. Depression 

does not seem to be a limiting factor in the use of IFNβ. On 

the contrary, in the long run, injection-related skin reactions, 

such as lipoatrophy, can hamper drug adsorption, especially 

with high-dose, high-frequency subcutaneous IFNβ. The 

same holds true for glatiramer acetate. Liver enzyme eleva-

tions or leukopenia can prevent utilization of IFNβ at the full 

dose, potentially decreasing efficacy. All these considerations 

are routinely taken into account in clinical practice, and have 

led to optimization of treatment and adherence.

It needs to be ascertained whether the new oral disease-

modifying drugs have a positive benefit-risk ratio compared 

with the established first-line disease-modifying drugs. While 

the availability of oral therapies has been much awaited by 

physicians, and even more so by patients, we believe that 

neurologists, when proposing use of such disease-modifying 

drugs, should discuss the efficacy, safety, tolerability, adher-

ence, and general feasibility of these treatments with the 

patient, along with the issues of safety monitoring (and pos-

sible unknown long-term or rare adverse events), pregnancy 

planning, and concomitant medications.212

Second-line drugs in Europe
The use of higher-risk second-line drugs has to be evaluated, 

not only in terms of potentially better efficacy but also in 

terms of potentially unacceptable side effects.213 To enable an 

evidence-based decision about second-line treatment, head-

to-head clinical trials comparing the efficacy, tolerability, and 

safety of natalizumab and fingolimod should be performed, 

but have not been done as yet. Observational studies with 

appropriate statistical methodology will be helpful, but are 

also unavailable at the moment. Among the second-line 

drugs, the choice between natalizumab and fingolimod 

involves several considerations. First, as most neurolo-

gists would agree, natalizumab has higher efficacy in very 

aggressive cases. Second, the risk of PML can be stratified 

and JC-negative cases can be treated at a significantly lower 

risk. Third, after initiation of treatment (which is a complex 

process), the convenience of fingolimod is higher, but this 

might lead to difficulty in monitoring patients, especially in 

the US. Fourth, shifting from natalizumab to fingolimod early 

after discontinuation of the former does not prevent reacti-

vation of disease, although a good clinical and radiological 

response can be obtained in many patients, after a run-in of 

several months.

Early treatment and shifting therapy
When considering the present and future treatments for 

relapsing-remitting MS, one of the most challenging issues 

is when, why, and with what to treat a patient or when to 

substitute a drug. Opinions have changed in the time interval 

between the earlier disease-modifying drug era and the pres-

ent.29,214–224 Treatment aims at maintaining disease stability 

and preventing relapses and progression of disability. At 

diagnosis, age, gender, MRI parameters, response to steroid 

treatment, presence of sequelae, and the systems involved 

are weighted heavily in the clinical decision-making process. 

Although there is consensus about treating early, the time 

interval between diagnosis and treatment might differ 

according to the severity and aggressiveness of the disease 

and findings on MRI scan. Two main strategies can be con-

sidered, ie, induction versus escalation. Induction is preferred 

in aggressive cases, and usually the first drug chosen is a 
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second-line or third-line one, to be used for a limited period 

of time only. Efficacy should persist after discontinuation of 

the run-in period using the less risky drug. This strategy has 

worked with conventional nonselective immunosuppressants, 

but cannot be proposed for the present second-line agents, 

such as natalizumab and fingolimod which, being selective 

and not cytotoxic, are associated with reactivation of disease 

soon after discontinuation. In contrast, escalation is usually 

used in nonaggressive cases, where safety and quality of life 

are paramount. In these cases, first-line treatment may lead 

to full efficacy at low risk. However, if this is not the case, 

prompt action should be taken to prevent tissue damage and 

minimize the risk of sequelae in terms of residual inflamma-

tory activity and relapses. Therefore, the present consensus 

is that full efficacy should be sought with the first treatment, 

but that less stringent criteria can be used when considering 

further treatment, given that complete absence of disease 

activity cannot be achieved in aggressive cases.

The definition of “responder” is still controversial, 

although several papers have addressed this issue since 

the early 2000s.225–234 The main point is sharing the present 

knowledge about the risks and benefits of the proposed drug 

with the patient, along with the implications if treatment fails 

and possible interference with future treatment, ie, the risk 

of PML with natalizumab is enhanced by previous use of 

immunosuppressants and the risk of hepatotoxicity or bone 

marrow toxicity is increased using long-acting drugs, and 

lipoatrophy or subcutaneous nodules limit the use of other 

subcutaneous injectables in shifts to and from glatiramer 

acetate and subcutaneous IFNβ.

Pregnancy in women with MS
Unlike in earlier times when pregnancy was discouraged, 

we are now fully aware that, in the era of disease-modifying 

drugs and with epidemiological data suggestive of the pos-

sible positive effects of pregnancy on MS, women with MS 

need clear indications on how to plan pregnancy once treat-

ment has been started.235 In the US, the National Multiple 

Sclerosis Society has issued recommendations suggesting 

that women discontinue treatment one full menstrual cycle 

prior to attempting conception. These recommendations 

also suggest resumption of treatment soon after delivery if 

breastfeeding is not planned. Similar guidelines are lacking in 

Europe.236 We believe that one of the most difficult tasks for 

neurologists will be counseling women of childbearing age at 

the time of diagnosis, given that the choice of treatment has 

to take into account the potential risks not only of becoming 

pregnant during treatment, but also the risk of reactivation of 

MS after discontinuation of treatment, especially if this has to 

be planned in advance and without a guarantee that pregnancy 

will ensue promptly. The possibility of a rebound effect also 

has to be taken into account. This is particularly important 

given that in vitro fertilization appears to increase the risk 

of relapse.237 After the PRIMS study addressing the issue of 

the consequences of pregnancy in terms of the long-term 

prognosis, several publications have suggested that it is safer 

for the woman and child not to interrupt first-line injectable 

therapy, especially glatiramer acetate, until a pregnancy test 

is positive.19,238–242 However, it is unclear whether a similar 

recommendation should be made for women receiving natali-

zumab. In the absence of data from pregnancy registries, we 

would suggest to discontinue treatment with fingolimod, 

teriflunomide, and other conventional immunosuppressive 

drugs with potential teratogenic effects before conception, 

with the possible exception of azathioprine, which appears to 

have minimal teratogenic effects.243 No data are available, to 

our knowledge, on dimethyl fumarate, alemtuzumab, or other 

monoclonal antibodies as yet not approved for use in MS. 

The issue of symptomatic treatment would also be important 

but is beyond the scope of this review. In the modern era of 

patient-centered medicine, the thoughts and fears of women 

should guide us through a shared decision-making process 

where the woman has a central role. Finally, it is controversial 

whether pregnant women should be excluded from clinical 

trials.236,244

Pediatric MS
Onset of MS occurs before the age of 16 years in 3%–5% 

of cases, and the disease is certainly underdiagnosed before 

the age of 10 years. The course of the disease in this age 

group tends to be relapsing-remitting, with a higher relapse 

rate than in adult cases and prominent cognitive impairment. 

Although time to progression of disability is longer, disability 

occurs at an earlier age.245 Given all this, it is crucial to start 

treatment early. Balancing the expected risks and benefits is 

a challenging exercise. One of the major difficulties is the 

need to inform both the child and the parents, and to reach 

a compromise between their different expectations, while 

avoiding being falsely reassuring or excessively frightening. 

The risk of poorly controlled MS as opposed to potential 

adverse events heightens the need for continued adherence 

with therapy.

No disease-modifying drug has been approved for use in 

the pediatric population (younger than 12 years of age); how-

ever, clinical practice, case reports, and observational studies 

have not identified any novel or unexpected adverse events 
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using traditional disease-modifying drugs or natalizumab. 

Response to treatment appears to be good.246–250 As recom-

mended by the International Pediatric Multiple Sclerosis 

Study Group in 2012, pediatric patients with MS should be 

included in clinical trials and in long-term follow-up studies 

in order to evaluate the safety and efficacy of emerging MS 

drugs in this age group.251,252

Comorbidities and comedications
In adults, the need for symptomatic treatment and existence of 

comorbidities can increase the risk of adverse events, especially 

when the disease duration is long or disability is severe. Among 

other issues, the use of drugs impacting on the QT interval or 

the cytochrome P450 system has to be taken into account when 

prescribing fingolimod. Previous use of antiproliferative agents 

or concomitant use of other drugs with myelotoxic potential 

might enhance the toxic effects of immunosuppressive agents 

on the bone marrow. Like conventional immunosuppressive 

drugs in the past, teriflunomide might be particularly useful 

in patients with concomitant autoimmune disease. Dimethyl 

fumarate might be an appropriate choice in patients with MS 

and psoriasis who experience flare-ups of psoriasis during treat-

ment with IFNβ. It has still to be ascertained whether serial or 

simultaneous use of new and old disease-modifying drugs will 

favor the appearance of serious adverse events.129

Treatment of MS and affective disorders
Regardless of the treatment administered, psychiatric dis-

orders, especially depression, are common in patients with 

MS, because of the psychosocial impact of the diagnosis and 

the associated disability, and are also biologically mediated 

by brain damage and the immunological and neurotrophic 

mechanisms involved in the pathogenesis of MS.253–255 

Thorough assessment of affective disorders is mandatory 

to minimize their consequences, especially with regard to 

treatment-related risks.

Conclusion
MS specialists need to know not only the specific risks and 

benefits of the individual drugs available, but also the poten-

tial drug interactions that can occur with simultaneous or 

serial combination therapy, and patients’ comorbidities, pref-

erences, and fears. These factors need to be put into perspec-

tive, considering also the risks of untreated disease in patients 

with different clinical and radiological characteristics.

In the widening therapeutic landscape, there is no single 

best treatment strategy, so therapy has to be tailored to the 

individual patient. This is a time-consuming task, rich in 

complexity and influenced by the attitude towards risk on the 

part of both the patient and the clinical team. The larger the 

MS drug market becomes, the harder it will be for clinicians 

to help patients decide on which therapeutic strategy to adopt. 

Every effort should be made to enhance empowerment of 

our MS patients. The final decision should always be left to 

the well informed patient. Although graphic representations 

of the relative benefit-risk ratio, with efficacy on the y axis 

and burden of treatment on the x axis, have been proposed 

and presented at meetings, we believe that each factor (con-

venience, safety, tolerability, affordability) has a different 

weight for each patient and health care provider, and so have 

abandoned the idea of representing graphically the synthesis 

of our considerations. However, we do not believe that the 

quest for a highly efficacious and safe MS drug is over.
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